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£BII# 2001-3048061 



, v #2 000 — 241581 

mm&i www 
m 

[89*S4] mfSBIIB^5cig©^*D*^ 1 x 1 0 17 /cm 3 J^Jb-efe-&, 

IN, UN, bn, Xtir*i&oS-&|gft*>e>a:S, ff#^i lcgB*bfc*BI§ 

[If:** 6 ] Slfl:** & ft * I II - V tfcf £ J: o 
TJfcR-f ^j&T-©^Cffitf 1 0mmHg«±ffl^H«*^3?f^S:ttE 

1 1 1 - VBHfc^W^fl"© ML WIS * £ # tc«» b T , itfflH^M^ £ Mft K gsjn 

[**ac 7 ] tuia^a*^^ #x tbT^fcbTiiB mThmcDit^m^s^ 

[»#^8] i9iB^»fc«r**^x*i«*K»K:llriaiiBl!57C*©fl:-&*itfx 

[fMll] tfnB7*t<fe<Z>ttftIft& 1 X 1 0 17 /cm 3 £t±ttS, It 
6 (CIS* b fe|fi*tt£ft4fcjf 0X?Jft#&. 
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[ff*gl2] GaN, A IN, InN, BN, Xttitl £><D*S£1£iIlfr 

& wiBi 1 1 - v mitism^m-fr * mm -r s , it 6 \z mm b & instt&f t 

t*-atclv>fef iftilSt'feot, Slf»*h9>S?x*, AWjK- 
^lSXl± j e*iJ«Jt©^S:^«'fb-r-&^©*^-i)-ilSi:bT, 4>fc< fcfefa 

6] iiKttKtjfaiiBaETcjRt^itWfcUTWfiKiciiijii-r* 

8] tfrfBUB^Tt^©^*^! X 1 0 17 /cm 3 J«JtT*&S 

A1N, InN. BN, 3?.tt^^^©ll-^^ftA^*-S)> W#^13X»14{C 
[iffl2 0] fift**&38:*III-V»Ht-&*4 s **MC, ifcLTIIB 

tfflH^'fb® # & J& * 1 1 1 - Vfcffc^M*##fc*tfBJ**i£fc «fc o TrtR-r * 
tCgSU ^tST'OD^ffi^l OmmH g aJ:©^^*^^ SrluiBIII- V 
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K^i-*n^i«x»**i.JW±©3fi^ fci**-^ ^m^<om^MMt It. ^ 

X^f>ftS, ft$9 2 2CBtl/fefifl«iffllia*8. 

[§M2 6] W|B^|iE^KO^*D*5: 1 X 1 0 17 /cm 3 JW-fci:-rS, It 

*«2 ocBtbfejpifl«tffl«im 

[g#^2 7] G a N, A IN, InN, BN, Xttr*ie>©M^fflt^ 

[»«©feinft«M!] 

[0 0 0 1] 

6 4 * 1 1 1 - v m-ffc^****-? »«a *ifc»«£«fl;«ii) 

[0 0 0 2] 
[*£3fe©8fl5] 

ftfl:*3^ & ft * 1 1 1 - V«Eft#*ip## S: ffl ^ «*t ttft* 
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V*£ 0 Mitl GaNfcAlGaN^&ftSMISFET (Metal Insulator Se 
miconductor Field Effect Transistor = #fi#>f - h SXSM I SSWIWifrSh 
*HEMT (High Electron Mobility Transistor = 1S^W)& h ^ 

±K#Jffe?gJ***IRK:* Al x Ga H N (OSxSl. 0) ifi;t777l± 
[CGaNlSl ^mJEl±rit*a-&, XlCfgKrg t. b T0 G a N £ A 1 GaNfc* 

[0 0 0 3] 

S: K-^UfcG a Njg. Mx.gMg £ F-lf>^bfcG a N® IzU^WkXT ^tc 
(*|R : R.Dimitrov et al . ,Phys. Status solidi A 168(1998)R7) D r<Z)4&£\ 

C jtlR : S.Nakamura et al . , Jpn.J. Appl .Phys.31 (1992) p. 1258-1266) „ 
[0 0 0 4] 

b <fc :? £t*£>f$ffl] 

tf^i/VI* ( (Me C p) 2 Mg) ^b?X 

A (Cp 2 Mg) £fflV^»£\ Mg K-^G a Nj*<Z>J:(Blg»«fcM g 

So 

[0 0 0 5] 

flx.H 01 2\Z^^o\Z^ A 1 G a N/G a NOAfUi^^Jffl H 
EMT$:^8t^f^i:, *7 7>f TlSlCv 7>K-yGaNWI (ffi 
fiJ«*CDA^7TW) 2 &3 0 nmlCMU ^CD±IC. M g S: K- tf > b 
£iSftftC!)GaNAy77i3aS:l. JgtCT> F-^G 

aNft^M4 5:2 0 0 n mj5&C> ^ng^Sl 4 S^bT7> F-^A 
1 G aNX^-t-15 & 3 nmft:, n-AlGaN:Si*<YU T&MM 6 
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(nSKt-afi2. 5 X 1 0 18 c nT 3 ) &2 0nm^lC, 7>F-^AlGa 
N*^*^S7 S 1 5 nmfJCf tlf ft^fia-ST^S (fcfc> "(5^ A 1 CD 

iBjaitxttp. 2) . HtcDiitty-^ti, i2^-ni, 13 
fe. x^-ti5«, **yy(iM&*6*(z>K*-- (si) 4 & 

pgSfif ^> ^ ic?g^ S ti ^> o 

[0 0 0 6] 

JgH«i|Sc (GaNi4) *Ffc«i»'r*l8»iH« (n-AlGaN«6) 

jAfD Shir l 4 &c <fc o T^faiKf *c#g| u <fc o TffcSL£ 

(BPt>* G aNI4 jcttK-*— ^*S«* ? #*^ 3 &v^i: 

[0 0 0 7] 
[0 0 0 8] 

^©®H&P^fe^*. 013 IC SIMS (secondary ion mass spectroscopy 
3 a<E>_h<Z)T> K-^G aNf-V*M4lC, 1 0 17 / c m 3 &±(DM g ^SA 

[0 0 0 9] 
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[0 0 10] 

01 4lZm*t&?^> ±B©M g K - a N^y 7 7l 3 a Klft^T 
y> a NA^ 7 TS 3 b ft 2. OittmftC^U Jg£7> F- :7A 1 

GaNX^-i5S:3nm^ n — A 1 G a N : Si^U7«»l6l: 
2 0 nmglC, T> K-^A 1 G aN*iry^l7 & 1 5 n miPlC^Sl-? 

£efcv*#. 7> p-^G a N;1 y 7 3 b COS/- HSfttt 1 o k (*n) a 

[0 0 1 1 ] 

•* <r i»*»wcd a »a:. mtm & 6 a * 1 1 1 - v«ft^#^##i6it 

[0 0 12] 
[MS ft 8?9bi" Z> fe A £>#©] 

5t» ft mmmzWito ut^s MfE&ettJi* - ©aft** ft jmi* 

[0 0 13] 

b ft * * ft & * <z> » 

[0014] 

tffflB»fl;*** & ft* II I - v«-ffc-&**»# ft J: oT«Rt4 

ICIRU Sfi^©»5ftffi**l OmmH gJKi^ttft^^ftttSBIII-V 
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4#2 0 0 0 — 2 4 1 5 8 1 



[0 0 15] 

#3S9!tC«fc*Ui, MI SFETXteHEMT|ji^&C;m^^-V*;i/S©TJB 

^ ^fcbTHBi^TC* (#(cigf&) bris«KicK-^>^ (Ssin 

, ^-fti^SCD^K^lClIB^7t^®MW^^.* t l^V , '^ffi (#C10mmHg« 

% s^jtcfi 1 *. *SHfc4fc*» 6 ft * 1 1 1 - v«-ffc#**#*a5« 

[0 0 16] 

rcDi^ic a-ffc**v6ai*iii-vi)Hb-&* 2 P*#»»K. lt« 

[0 0 17] 
[$&9§©l8ig©J£f8] 
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[0 0 18] 

i©iiB*7C*©»Jn*tt, gft^S©iS*fi**t£ (WJfittft) £0-2>fc«b> BP 

#£JtT* 1 X 1 0 18 /cm 3 JBU:T?*4&©#3*bV*. 
[0 0 19] 

« ('>&<it)Iffi) Offc^?!/XS:fiMU £©fc-&4l»2f:*fflS»T©*»EE 
#1 0mmHgJ«±T'fcS3i:* s ^t'fey. ' ©ffl* »J *«BE#'.hS ^ 

^MifttfXWJItt^Ifcl'Ttt, yifMIII (DEZn) , 5>*^/HE» (DM 

zn) ^©y^^aeaGA^tf e>*i*>. 

[0 0 2 0] 

±B*»*©*iiiK:o^TH:. *©»»*« 1 X l 0 17 /cm 3 g± (Hie*? 
^m®)£.LX ixi o 17 /cm 3 j^Jt^in-f-So £©**4MRin*©-hRtt. t 

[0 0 2 1] 

^©iffiiSitt^ft^M bt, M»tt©tf"7 r>f ySSfcffl^ 

S£fc##*bH#, $e^S©-9-^T^TS«^{C%,. S i cm&<D£t>Km 

[0 0 2 2] 
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^mmmnxx zlt mux* <Dmm.mtf 1 ommHg«±®i^*^n s?* 

[0 0 2 3] 



*i ummm&mmwe>m%& 



7C^ 










Cd 




(CHsJzCd 


28.4mtnHg at20*C 




Ug 




(CaH^^MgXIiCpzMg 


0. 03ronjHg at20^C 




Mg 


t * 7 ( if ha' y tf 'J ' xr ^ * $ A 


(CHAH*) zMgXtt (MeCp)2Hg 


0. 44mmHg atSSt: 




Zn 




(CzHsJzZn 


302mmHg at20*C 




Zn 


9* if 


(CHahZn 


12.2mmHg at20 , C 





[0 0 2 4] 

*&99tc£v*T, ±KfiDSifl:W*»e>Ja!*i"-Vt!j'fc-&* i P**tt- GaN, 
A IN, InN, BN. Xttr ft &©ate*S*#&fcoT V*T .fcvx. rft^CDII 
I-V|fcffc-&i*¥»fMi^"# , ft*u ±fBL/fcHB«E7B*© p-tr^yctoT* 
fctt&fftfe * * * © T? & * 1 1 1 - Vlfcfc^ft^SflMBWafc©* 0>**# 

[0 0 2 5] 

F©v%-f ft# l mXii.tti&,±<Dm^'^^it-tS>^^>M^-&MSt. bT, 4> 
ft< fc%tWBilft»ttsa'lfc*JB* t «v^&ftTJ:v^ 
[0 0 2 6] 

HllCtt, *SHSC*^5<HEMT©«3S«l&B<"r«<, 0 1 3 KB L&lfc&m 

y, -ecDfiaiiiafliicis^aft-cv^. 
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[0 0 2 7] 

3©0JiCj:*ltf. #IC, |gfI4T©ZnK-^fflGaNA-y77f 3c« 
•6. 

[0 0 2 8] 

^^^aM-BrigfeffiOD^A^f Xil LT, BlOCMISFETffltm 0 
1 lfCMESFET (Metal Semiconductor Field Effect Transistor) (DW^k 

[0 0 2 9] 

•5ngT'*s„ ^i-fx©#^ j e©M^ : fo^sti-s : b©T*tt&<, a 

[0 0 3 0] 

[*S60S] 

[0 0 3 1] 

11^0*77^ T»Sil bt (0 0 0 1) C®*&£f§V*fc. ^It^S 
ICtiU ^©^IS^MACfflEfc** 3 : MOVPEjptfflK ^ETJliSffi, JK» 
ICtehU ^JbHWU (TMG a ) . bfx (;* n ^> # s^x - ;i/) V 

( (MeCp) 2 Mg) . Z/^)VW$& (DEZn) , 7>^-T ( 
NH 3 ) fcfcMU V«/III«8Jfcti, *S)2,4 0 0~1 2,0 0 OT'^SUot 

o 

[0 0 3 2] 

2fc3 0nmfCR»Tft»I, fSSiSSfc 1 1 0 0 "C fc LT, 7> K- 
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^GaNl8feW81. 0AtmK:«*a*fclft. MgitfZ n*3 K-^lfcG 
aN!9Sl. 7>K-^GaNfl 0 t 1. 0/tmJKC«*Sft 

fee 3<Z)B3K TMG a£J:tfNH 3 <Z)igS (mole fraction) 6. 5 

X10" 5 . 0. 4 th. Vjfe/IIljRJfctt»6 0 0 0 £bfc„ MgStfZn(Dl 
flttt-ttl^tl, 3X10 18 /cm 3 . lX10 18 /cm 3 tfey, i»V^feitt$:f 

[0 0 3 3] 

B3&. M g MZ n ODlS^M&St SIMS M^tfeSo "r~$\$ 

M g fit F- tr > m*frB#tf>£*3_t# *J <Z)»ti F- tf > {rffjh*0Si'&T« c u 
CDS*!*** IK Zn K-tr>yjCJt^TW3KaMfcbT»*t*iS- F 
-tT>y{*ih«. 0. 2 Atm^ffiM^ii. Z n0gS^»l/l 0 0&C{gTbT 

[0 0 3 4] 

I(Difc»6, K-tf>y«)RfclTyxfM*& (DEZn) S:ffiV^§rt 
ic-fc «tttGaNi6*(fcft^a77>f^ff>!t«ii:^Hr«i:ast)fc. 

[0 0 3 5] 

®41C. f|sRUfc«»OD«*&S*t". »77>frJ6*l±l:H:GaN«»«I 

2 5:3 0 nmjmcfSW. 1 0 0X:^UT, MgXttZnS: 

K-^lfcGaNl3 d&l. 8j»m*62. 0 m(Z)ff#JC fc Q 
^ TMG aRtJfNHg^JIS (mole fraction) fct-etl-^fU 6. 5 X 1 
0. 4fcU Vi^/III^ittt^j6 0 0 0 i:b^ a (MeCp) 2 Mg. D 

EZn, y>lfM«B ( DM Z n) ©IS?:, 3X1 O" 8 *^ 1X1 0~ 4 £ UT 

[0 0 3 6] 

ilC»#;*©tti»**C2*UT* G a NifC»y ft* tlfeM gftff Z n 
©Wtfea**. Zn^S^LT 1 X 1 0 16 **6 1 0 19 / c m 3 i; TMWIPttJK R 
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tfm*>nX^Z> 0 Z n ©ft Ua$ *l*ttM g ftKlJfc^t 2 

V^£##^ofco Z nlS^ 1X10 18 /c m 3 (0S^^- MRt 

[0 0 3 7] 
[0 0 3 8] 

Z n K-^G aNjf^ODZ nRXfCmBKD S IMSMSS&Sto 
IS^©OT2«fcS^ISi<W©ZnWC(Dlg^ * 41**16 X 1 0 
18 a t o m s /c m 3 . 6X10 16 atom s/cm 3 ggtfe§r^Wo 
±SBCDI«**#-ett. l^C(DW6X10 16 at oms/ 

[0 0 3 9] 

hUxfMUW (TEGa) *m^Z>t.ftMVMr<, £Dfe#-#>##ffi 
[0 04 0] 

Ml 

fl^*M£JD*7 7^7Sfii:bt (0 0 0 1) CSS^&ffl^fco ^HrJ&S 

tea. tuaoMovPEiP&Mv^ «*BE*tt«E. *»(ctt>y**/i/#y"9 

A (TMG a ) . hU*f^r^5-9A (TMA1) . S t^A/i/^y (C 
H 3 SiH 3 ) , T>^-T (NH 3 ) V«/III«Jt»i. «I2,400 

— 1 2,0 0 0T?jfcB8:ffofco 
[0 0 4 1 ] 

Site. ||FHbfcilMIb5>^j» (HEMT) CO^JgSr^-To 53 1. 
8 /tm©16»ttGaN;t^7 7l3 c a N^*fCliTMG a &JgV^ ^*fi 
fl[tt llOOXJtlfeo Ga NI3 c i:i^77>f7il 1 ©IffllCttG a N«JgJ« 
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!2S:3 0nmJWcStffeo G a N *f- -v tt 2 0 0 n m<Z>Jf:# £. U £ £ 

. 7>K-^AlGaNX^-if-I5$:3nmf(:, n-AlGaN*^'J7 
^16 &2 0 nmjfX. T> 1 G aN3f <V y 7 5: 1 5 nmfiC^ 

^$i±fco SJx^/bMttfcW»;tf;*fcbTJ*Kbfc, ZnfcK-^lfe»ittG 
aNA^77l3 clC£tt*Z nMtt 1 X 1 0 18 / c m 3 J£U:T*& *J . £/- h 
SfitfflttO. 3M (;*#) fiK±Tfeofe 0 
[0 0 4 2] 

H8JC5%-TJ:^K:, C-V«jg*CJ: y«a*Ift<Z)*ir U y bfc 

^35, ig»M4 cD^^ni?.ffi 1 4 t^=¥^ vrmmz 1X1 o A Vcm°sa 

ZnK-^lfcGaNl3 c 7?©** U yjRKtt 1 X 1 0 15 / c m^TT* 
[0 0 4 3] 

IfctffM&Ktt* T> F-^G a N/ty :7rS&fflv^»^i:H*J&:418:S*b. * 
o fgi&S CD«#*A^(BT b T ^ & v % r £ #«t« $ *x fe o 
[0 0 4 4] 

M«l 2lct£4*- (d) 1. 0 /imO>«««:JSv*TX»«:f? 
ottr5, ®*ig»TM?8:$C 1 0 G (=?#) Hz«r#*£fc#T?S, MgSK- 
tf>y bfclBtttG a N;^y 7 7*3 a£#V>7~#-£ (01 3 #J8) <Z>9GHz 

[0 0 4 5] 

fM«ffl©*77-f7i«i:ii (112 0) Affiae«€:J§v^fc 0 *giSj$;*&c 

TMGa) , FWf;i/7;K-9A (TMA1) , =E 7 (CH3 
SiH 3 ) . T>^E-T (NH 3 ) SrttfflU VfiR/IIIfilgJttt. i&2,4 0 0~l 
2,00 OT^gJrftofco 
[0 0 4 6] 

01OIC, ffibfc h^>S/*# (MISFET) <Z)«ig£^t\ GaNlt 



2001-3048061 



iff 2 0 0 0 — 24 1 5 8 1 



OnmlfKlttW, *<D%t. 1 1 0 0 TCJC-tW. SJx^/l/ffittfc^iHft 

K»#XfcLT«V*TJ*RLfc* ZnfcK-^Lfe*tttGaN;^;77l3 c 
& 1 MmJRJ:©ff*fcJ»fiS*fc. Z n K-^LfelBlttG a N Ay 7 rl 3 
c K:a3W6 Z nMttl X 1 0 18 /cm 3 JK±tfe^ 5/-hfi«£«H:0. 3 ( 

[0 0 4 7] 

- CD_htC. ZnMMg5:aF-tf>^bfcGaNl9S:l /imgS©f^t: 
t^HB^Offittftlcj:*;, pffl#«»SJI5j«bfe. fit, _£8B£>$fi3§ttG 
c' fcH*Kl. Znlg: 1 X 1 0 18 /cm 3 Hl, M3 0 0 nmEJ±t«fi 
[0 0 4 8] 

GaNf^^;i/l4tt2 0 0 nm©f^^U 7>K-^AlGaN» 
il7©mi4 0nmi:U o ^Xg &C 33 V ^ T, 7>hWAlGaNi»i 
I7}CSi0 2 VX^MRIE (iJ7^T>fy>ft>x^f>^) SffiV^T* 
mtt£f?VV iilC S i K-^G a Nl 6 fcB«*a*6i i:C i V-Xft 

[0 0 4 9] 

TX^yDM, Xy^>y^D-fe^JCj:y, ZnK-^©GaNl3 
c' ^CDitlX. ZnatfMgl:3K-t;>yi£GaNl9©»IIBU &tf G 
aN!3c' . c *C J:*»IB»*. #Sffi 1 1. 12. 13, 15 0) 

[0 0 5 0] 
[0 0 5 1] 
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mi 00 0 — 241581 



[0 0 5 2] 

«5 

HlllCli, *^«?:)iMLfeGaN MESFETCiM^t. ~©M 
ESFETtH a«l±(C SAmffflZnK-^GaNllSS^'^TSa 
ch, 0. 2~0. 5 /tmJ»©nMlitt«2 4 S:. ^,=fgxtr^^e/-v;i/^{Cj;y 
jSA^iifc. «SS0DffibA4x£fi 1 ^fc*b©y-X«ffil 1 a. Kl/-f>«Hl3 
ail, ffiMt>/s9 h*- • f- M 2 a$r^figbfe D 4*- h«EEKl J: »J, V- 
hT©«^-£5.«©J**£^ft;2*> y-*- Fl/>f >ia©*8fc«:fcIfflUTlM£ 

[0 0 5 3] 

sicK-tr>y (Ssin) ltv^s©t% .sftttJi^nfeiawtfeMi/Tii^ 

Stffc4l>Ji©«l!l*K:iiBlK7tt*©JB»if^« t Wv^ftEE 

£©*£*. «S»ttfiMfcftJi©±K:«»Ji*:*«i«*a**l»K, 

IttSffif, fg«r«©S#*©*BT££C2i2:£-fcfc<> iS&ffilc-gtifeHi 
^HMt&aM&cfcsrfctfTfcft. Hot. IMWitf*«»*K:«*S*u *?• 

[01] 

#3B$tC»t5<8ifi3Sttgft©M£*t-.5A IGaN/GaN HEMT©*g3§ 

«©WMiiBBlT?**. 

[0 2] 
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[03] 

[04] 

[0 5] 
[0 6] 
[0 7] 
[08] 

#»IS»ClStS<|»ttSHfcWJIfc*-r*A IGaN/GaN HEMTfflfl 
[09] 

AlGaN/GaN HEMTiCSWSi/- t-^r^'J 7lS (n s ) 
[01 0] 

*»^{ca^<Mi sFET©*3t«<o**wiBBre*6. 
[011] 

#|&18»C3£tJ<GaN ME S F ET©iiM»<WBiI0t'*S. 
[01 2] 

AlGaN/GaN HEMT©f^*»©«*»TffiH"e**. 
[013] 

R. HEMT«5SKl*»**Mg©S IMS^*S:St^77fl.§. 
[014] 

7y K-^G aNA^7 7«±tC#SSbfcA 1 GaN/GaN HEMTffil 

1 6 ff}H# 2001-3048061 



• 




#2000—241581 



l-t7 7>f7afc 2-GaNWE 2 a-A 1 NA^y 7rl, 
3 a-Mg F-^GaNl, 3 b -7 > K- a NI, 
3c. 3c* •••ZnF-^GaN;l77rE 

3d. 9-MgSffZnK-^GaNi, 4-7>F-^GaNf 
5 ...y y K-^A 1 G aNX^-t-E 6-n-AlGaN^'J 
7-7>K-^AlGaN*^*;^ 8. 1 0-7>F-^GaNE 

13-FH>m 

14-AfnSM® 



1 7 
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[01] 

< mwm&vcmm $ MGaN/GaN hemt 

i2jr*-l>«*i 



ii y-x 



m 



13 



= 



7>K-7*AlGaN ; BgJ?15nm 
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